ABSTRACT Dysfunctional breathing is a significant cause of morbidity, adversely affecting an individual's quality of life. There is currently no data from paediatric centres on the impact of breathing retraining for dysfunctional breathing.
Introduction
Dysfunctional breathing affects children (and adults) and is primarily characterised by abnormal breathing patterns [1] [2] [3] [4] [5] . These patterns most commonly present as excessive upper chest and accessory muscle activity with the diaphragm contributing little to changes in thoracic volume. For others, an upper airway component may be most prominent, as seen in subjects with paradoxical vocal cord dysfunction [6, 7] , but in these subjects it appears that the thoracic disordered breathing is still present and that they form a part of the continuum of habituated responses adversely affecting the normal pattern of respiration. Estimates of prevalence of dysfunctional breathing are problematic due to the lack of a simple diagnostic test, but it has been estimated to affect 8% of the adult population and 30% of adults with asthma [8, 9] . One questionnaire study suggested that 5.3% of children aged 5-18 years with asthma experienced dysfunctional breathing as an important comorbidity [10] , although this is likely to be an underestimate.
In children and adolescents the most common symptoms of dysfunctional breathing are breathlessness (at rest or with exercise), chest tightness, chest pain, deep sighing and frequent yawning [1, 2] . These symptoms are usually episodic, although they can be persistent. They are often precipitated by stressful events, such as participating in competitive sport or a musical performance, but can occur at rest in response to other stressful thoughts or events. The condition can exist as a comorbidity with asthma (and other pulmonary conditions) or may mimic asthma in individuals without asthma. The symptoms have a significant impact on quality of life, which has been shown to be more impaired than for those with asthma [8] .
Clinical experience, and feedback from patients and their families, indicates that young people with dysfunctional breathing experience significant improvements in both physical health and quality of life following a course of physiotherapy where breathing retraining is the key element of therapy. Although little guidance is given, both the 2009 British Thoracic Society/Association of Chartered Physiotherapists in Respiratory Care "Guidelines for the physiotherapy management of the adult, medical, spontaneously breathing patient" [11] and the Global Initiative for Asthma guidelines suggest that dysfunctional breathing can be managed with breathing retraining or that breathing techniques may a useful supplementation to medication (Grade B) [12] . However, a recent Cochrane Review of dysfunctional breathing in children [13] demonstrates that no studies have been carried out investigating the value of breathing retraining for children and adolescents with dysfunctional breathing. As a result there is little or no evidence available to clinicians to guide assessment techniques, choose therapeutic interventions or assess outcomes; hence, little service provision is available for these patients.
In response to the clinical need for a dedicated clinic for children presenting with this condition, the BreathWorks clinic was established at Sheffield Children's Hospital in 2011 and is run by an experienced physiotherapist (N.B.). The rationale for the clinic was that a structured, but individualised, programme of physiotherapy interventions would improve clinical outcomes and quality of life for young people with dysfunctional breathing and that the improvement would be maintained following cessation of treatment. As the first clinic of its kind in the UK, it was felt important that its utility be assessed, and the data presented here were collected as part of a clinical evaluation of the service and its impact.
Methods

Patients
Patients were recruited from the BreathWorks clinic. The criteria for referral to the clinic are that patients have a clinical diagnosis of dysfunctional breathing made by an experienced Consultant or Specialist Registrar in Paediatric Respiratory Medicine, based on history highly suggestive of the condition with exclusion or optimal management of other conditions. Subjects were 7-16 years old at the time of referral. Patients were excluded from the study if they did not complete the course of treatment.
Intervention
All children received breathing retraining and education as their key interventions. The intervention was delivered by a specialist physiotherapist on a one-to-one basis with the active involvement of a parent, carer or other member of the family. The duration of the first session was up to 1.5 h, with subsequent sessions lasting up to 1 h.
The education component focussed on explaining the nature of the condition, sharing information on basic anatomy and the mechanics of breathing, while also giving the physiotherapist the opportunity to gauge the child's and family's level of knowledge and understanding. The breathing retraining method involved teaching diaphragmatic breathing. This was aimed at achieving nasal breathing, a normal respiratory rate, tidal volume, inspiratory/expiratory ratio, the feeling of control and a resultant return to a normal sigh/yawn rate, and a reduction in upper chest and accessory muscle use. Diaphragmatic breathing was first taught in supine and then progressed through sitting to more demanding and functional positions. The techniques were adjusted for children with the use of age-appropriate language and activities.
Treatment programmes were also individualised based on the child's initial and ongoing assessment, and, where appropriate, included one or more of the following additional interventions: postural correction, thoracic mobility exercises, sniffs and vocal fricatives (for those with a laryngeal component), relaxation, shortness of breath management strategies and exercise advice. With the exception of sniffs and vocal fricatives (which are commonly used in speech and language therapy practice), all techniques used in the intervention are core physiotherapy techniques used with patients with many different respiratory conditions [4, [14] [15] [16] [17] [18] . The novel aspect of this study is applying them to this particular patient group.
Outcome measures
Quality of life was measured using the Pediatric Quality of Life Inventory (PedsQL), parent proxy and child report versions [19, 20] , where the minimal clinically important difference for PedsQL child and PedsQL parent is 4.4 and 4.5 points, respectively [16] . Symptom score was measured using the Nijmegen Questionnaire [21, 22] .
Each child and family completed quality of life and symptom questionnaires at the start of treatment (time point 1) and at the end of the course of treatment (time point 2). In order to determine whether the clinic was achieving long-term improvement the child and family were also asked to complete the questionnaires 6 months after the completion of treatment (time point 3). The questionnaires for the first two time points were completed in the clinic environment and the 6 month follow-up questionnaires were posted to the family.
Data analysis
Study data are presented as median (interquartile range (IQR)) to allow for some data not being normally distributed. The Wilcoxon signed rank test was used to compare data where only information from time points 1 and 2 were available. In the cases where data was available from all three time points, Freidman's test followed by Dunn's test was employed. The decision was made to use nonparametric tests for all data sets (including those that were normally distributed) to allow comparison of the various statistical analyses. All statistical analysis was performed using Prism version 6.02 (GraphPad, San Diego, CA, USA) and statistical significance was accepted as p<0.05.
Ethical approval
Ethical approval was not required for this study as all children involved were receiving routine care, as provided by this institution, but approval was given by the Hospital Quality and Standards Department.
Results
During the study period 34 children were referred to the BreathWorks clinic. 21 subjects had asthma and the remaining 13 subjects did not have a comorbidity. The mean number of clinic visits was n=4 over an average period of 3 months. Seven subjects did not complete the intervention and no difference was apparent in terms of age, gender or presence/absence of comorbidity between children that did or did not complete the intervention. Time point 2 (discharge) parental questionnaires were not available for four subjects (as the children were brought to their final appointment by other family members).
Complete child and parent questionnaire data obtained prior to treatment (time point 1) and at discharge (time point 2) was therefore available for 23 children. 12 (52%) of these were females and the cohort median (IQR) age was 13. 10 families did not return their time point 3 postal questionnaires, leaving 13 children who completed all three sets of questionnaires. As with the cohort as a whole the data for these children demonstrated a significant difference in scores between time points 1 and 2 (table 2).
Importantly, there was no significant difference in the same scores (Nijmegen Questionnaire, PedsQL child and PedsQL parent) between time point 2 and time point 3 ( p>0.05), indicating that the improvements were sustained up to 6 months following discharge from the clinic. Figure 1 shows summary data for each measure at each of the three time points.
Discussion
This study is the first to specifically investigate the short-and medium-term outcomes of breathing retraining for children with dysfunctional breathing. The results indicate that this intervention leads to a statistically and clinically significant benefit in both quality of life and symptom scores. The results also indicate that these improvements are maintained for at least 6 months after the course of treatment has been completed. It should be noted that the improvements in the PedsQL child and PedsQL parent of 14.1 and 24 are considerably greater than the values deemed to represent the established minimal clinically important differences of 4.4 and 4.5, respectively.
Our results are consistent with the one randomised controlled trial in adults in which breathing retraining for the management of dysfunction breathing was assessed, which also found significant improvements in symptom scores and quality of life [15] . However, the natural history of the condition has not been studied in detail and hence it is not known what the outcome for these children would have been had they not been exposed to the intervention. A report from the early 1980s found, in a cohort of children and adolescents with the condition in whom there was no intervention other than reassurance, that symptoms persisted in 40% of cases into adulthood [23] . In comparison, the current study indicates that the outcomes following active intervention are much improved.
In this study, physiotherapy intervention was studied in isolation as this is the model of care currently used at Sheffield Children's National Health Service Foundation Trust. The BreathWorks clinic is run by a specialist respiratory physiotherapist, and the results reflect the impact of breathing retraining and associated interventions which include, where appropriate, relaxation techniques. These subjects are not routinely referred to a psychologist as, in our experience, the vast majority of subjects with thoracic or extrathoracic dysfunctional breathing do not have significant psychological issues. Early reports in the literature did suggest that significant psychological distress was frequently associated with pronounced symptoms of dysfunctional breathing, but subsequent experience suggests that psychological intervention is required in only a minority of subjects [24] . In future studies of the condition, it would be interesting to explore whether a psychotherapeutic intervention would augment the outcomes of treatment or provide an alternative for subgroups of patients.
As we anticipated, a significant proportion of subjects in our cohort had asthma as a comorbidity and were receiving inhaled asthma medications at the start of the study. We did not record inhaler usage or other healthcare utilisation data prospectively in this study, but plan to do so in future studies since patients anecdotally reported being less reliant on their reliever medication. Hence, the impact of the intervention on use of medication and other healthcare resources needs to be explored.
Research in dysfunctional breathing, however, remains problematic in that there are no clear diagnostic criteria that can be applied, potentially leading to heterogeneity in study populations. There are also no condition-specific validated outcome measures currently available. The generic scales of the PedsQL were chosen as they are well validated [19, 20] , but no validated measure of symptoms is available. The Nijmegen Questionnaire is the most widely used "objective" tool, but there are a number of problems with the use of a tool developed for use in adults with a view to identifying the "hyperventilation syndrome" [18, 19] . In particular, it does not appear to capture symptoms specifically attributable to "hyperventilation". Many of the symptoms included in the questionnaire (e.g. chest pain) are probably related to dysfunctional breathing rather than hypocapnoea in most subjects, while many are probably not directly related to dysfunctional breathing. One study [25] characterised the questions included in the questionnaire under the categories of tension, peripheral neurovascular, central neurovascular and dyspnoea. The authors found that the dyspnoea subscore of the Nijmegen Questionnaire correlated closely with a manual assessment of dysfunctional breathing. Moreover, they observed that it was those subjects with significant scores on the dyspnoea subscores who were found to benefit most from breathing retraining and this was more predictive of a response than the overall score on the Nijmegen Questionnaire.
The issue of specificity of questionnaires was also highlighted in a report of children whom in which low scores on the Childhood Asthma Control Test led to the inappropriate use of high doses of asthma medication in children with dysfunctional breathing [26] . These observations reflect the significant overlap between symptoms associated with dysfunctional breathing and those due to primary respiratory conditions such as asthma which make the design of an entirely specific questionnaire problematic. In the context of this study, however, the Nijmegen Questionnaire provides a tool to assess the impact of the intervention on symptoms experienced by the subjects, and it is reassuring to note that the changes mirrored the improvements in quality of life reported by the subjects and their parents.
The lack of a condition-specific questionnaire also inhibited the collection of detailed data able to show change in specific symptoms or explanations for susceptibility to change of certain symptoms. Clinical experience with these patients was that symptoms commonly improve in parallel with each other, but we could not explore this scientifically. In addition, the numbers of patients involved in the study were too small to gain representative information from a subgroup analysis with regard to comorbidities. We plan to develop a condition-specific questionnaire in the future.
The reason for some patients not attending follow-up clinic appointments was not explored as the study was not designed to address this. However, there were no differences in the demographic data of those who completed their visits and those who did not. It is likely that a variety of practical considerations, such as having to take time off work for parents and school, contributed to some of the nonattendance. While the return of questionnaires at 6 months post-completion of the intervention was only 57% of those returned at discharge, this was higher than the anticipated rate based on the published data for this type of survey [27] and no specific features for those families that did not return their questionnaires were identified.
The results from this study suggest that breathing retraining appears to offer significant benefits for children and adolescents with dysfunctional breathing both in terms of quality of life and symptoms experienced. The data supports the need for well-designed prospective clinical trials to investigate the short-, medium-and long-term effects of this intervention, with a view to optimising treatment and ameliorating the significant morbidity experienced by children with dysfunctional breathing. FIGURE 1 Summary data for a) symptom score (Nijmegen Questionnaire), b) child-rated quality of life score and c) parent-rated quality of life score at each of the three time points (n=13). PedsQL: Pediatric Quality of Life Inventory.
